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ABSTRACT 



A piezoelectric transformer inverter can be driven in wide 
ranges of input voltages and output currents so that a wide 
range of dimming can be achieved. Furthermore, the piezo- 
electric transformer inverter can maintain high efficiency in 
the overall driven ranges thereof so as to yield stable 
luminance. The above piezoelectric transformer inverter 
includes a piezoelectric transformer drive unit having con- 
ductive elements, switching elements, and a phase drive 
circuit to convert an inputted AC voltage into an AC voltage 
having a substantially constant frequency which is lower 
than the inputted AC voltage and output to a piezoelectric 
transformer, a phase-difference detecting unit for ^detecting 
the phase difference between a drive controlling signal of 
one of the switching elements and an output current ox 
output voltage of the piezoelectric transformer to output a 
control voltage corresponding to the phase difference, and a 
frequency control circuit for outputting a pulse voltage 
signal of a frequency based on the control voltage to the 
phase drive circuit of the piezoelectric transformer drive 
unit. 

12 Claims, 12 Drawing Sheets 
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PIEZOELECTRIC TRANSFORMER a detection voltage obtained by the voltage conversion of a 

INVERTER tube current is detected to perform frequency control in such 

a manner that the phase difference value is set to be a desired 

BACKGROUND OF THE INVENTION value. 

1 ir m f tu- f™™»™ 5 Id addition, Japanese Unexamined Patent Publication No. 

1. Field of the Invention 9-199289 descn^s a system m which the phase difference 
The present invention relates to piezoelectric transformer between an ^ voltage and an output voltage of a piczo- 

inverters in which loads are driven by piezoelectric trans- transformer ^ detected to perform frequency control 

formers. More specifically, the invention ^relates to piezo- ^ such a manncr ^ me phasc difference value is set to be 

electric transformer inverters capable of bemg used for 1Q a des ired value. In bom the aforementioned control systems 

lighting discharge tubes such as coldncathode tubes and for described in Japanese Unexamined Patent Publication No. 

adjusting the luminance of the discharge tubes. 9-219292 and Japanese Unexamined Patent Publication No. 

2. Description of the Related Art 9-199289, only the above-described frequency control is 
Recently, backlight liquid crystal display devices have performed, and there is no description of a pulse-width 

been widely used. As a light source for backlight, a fluo- 15 control and burst control of a pulse voltage signal driving the 

rescent tube, such as a cold-cathode fluorescent tube, is used. piezoelectric transformer. 

In order for a fluorescent tube to be lit, a high-tension AC In the constant phase-difference control systems in the " 
voltage must be applied. In addition, as an input power above-described conventional piezoelectric transformer 
source for a portable information-processing device such as inverters, one of the signals detecting the phase difference 
a notebook personal computer, a battery is usually used in 20 forms an input voltage waveform of the piezoelectric trans- 
conjunction with an AC adapter. Thus, in order to light the former. The input voltage waveform of the piezoelectric 
above-mentioned fluorescent tube, it is necessary to convert transformer is usually the waveform of a sine wave or is 
a low DC voltage into a high AC voltage capable of lighting similar to that of a sine wave in order to efficiently drive the 
the fluorescent tube. As a conventional fluorescent-tube piezoelectric transformer. 

lighting system, a DC/AC inverter incorporating an electro- 25 The above sine wave is generated by a particular LC 

magnetic transformer has been used. resonance. An input capacitance of the piezoelectric trans- 

However, in order to improve iriiniaturization, efficiency, former is often used as the capacitance of a resonator, 

and operational stability of equipment, a piezoelectric trans- FIG. 12 shows a typical equivalent circuit of a piezoelec- 

former inverter incorporating a piezoelectric transformer has trie transformer. The equivalent input capacitance of the 

recently been used as an alternative to an electromagnetic 30 piezoelectric transformer changes greatly depending on 

transformer. various factors such as frequency, load, input voltage, and 

A piezoelectric transformer inverter is required to be temperature, 
controlled in such a manner that each value of an output FIG. 13 shows the frequency dependences of input 
voltage and an output current with respect to a load is set to 35 capacitance and input impedance of a piezoelectric trans- 
be a desired value. As such a control system, a constant former. As is evident in FIG. 13, the input capacitance 
phase-difference control system is known. This system changes greatly according to the frequency. In addition to 
focuses on frequency characteristics of the phase difference the frequency, as described above, the load, the input 
between an input voltage and an output voltage of a piezo- voltage, and the temperature permit the input capacitance to 
electric transformer. ^ be greatly changed. 

For example, Japanese Unexamined Patent Publication As a result, with the changes in the arxwe-described 

No. 9-237684 provides a system for controlling a pulse parameters, distortion tends to occur in the input voltage 

voltage signal driving a piezoelectric transformer, in which waveform of the piezoelectric transformer. Furthermore, the 

the phase difference between an input voltage and an output cycle and the peak value of the input voltage waveform of 

voltage of the piezoelectric transformer is detected to per- 45 the piezoelectric transformer change significantly, 

form frequency control such that the phase difference value Thus, it is very difficult to obtain a pure phase-difference 

is set to be a specified value, and a tube current is detected detection signal from the input voltage waveform of the 

to drive the piezoelectric transformer in such a manner that piezoelectric transformer. 

the tube current value is maintained to be a desired value. i n addition, when burst dimmin g is performed, it is 

Similarly, Japanese Unexamined Patent Publication No. so necessary to intermittently operate the inverter at a fre- 

8- 149850 provides a system in which the phase difference quency equivalent to or lower than the driving frequency of 
between an input voltage and an output voltage of the the piezoelectric transformer. In this case, since the input 
piezoelectric transformer is detected so as to perform fre- voltage waveform of the piezoelectric transformer does not 
quency control in such a manner that the phase difference occur during a burst-off period, it is impossible to obtain the 
value is set to be a specified value. However, in the system 55 phase-difference detection signal from the input voltage 
described in Japanese Unexamined Patent Publication No. waveform of a piezoelectric transformer. 

9- 237684, a pulse voltage obtained by controlling the duty As described above, in Japanese Unexamined Patent 
ratio of a frequency higher than the driving frequency of the Publication No. 9-219292 and Japanese Unexamined Patent 
piezoelectric transformer is supplied to a piezoelectric trans- Publication No. 9-199289, the frequency control is per- 
former drive unit. In contrast, in the system described in 60 formed in such a manner that the phase difference is set to 
Japanese Unexamined Patent Publication No. 8-149850, the be constant. However, since the phase difference is approxi- 
piezoelectric transformer is intermittently driven by a fre- mately depended on frequency, when the phase difference is 
quency lower than the driving frequency of the piezoelectric controlled to be constant, the frequency also becomes con- 
transformer, stant. Thus, when the input voltage has a wide range, for 

In addition, Japanese Unexamined Patent Publication No. 65 example, from 7 to 20V, tube current increases or decreases 

9-219292 describes a system in which the phase difference approximately in proportion to the input voltage. As a result, 

between an input voltage of a piezoelectric transformer and since the luminance of a fluorescence tube is approximately 
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proportional to the tube current, the luminance becomes 
unstable due to the changes in the input voltage. 

In addition, in Japanese Unexamined Patent Publication 
No. 9-237684, with respect to changes in input voltage, the 
input voltage of the piezoelectric transformer is stabilized by 5 
adjusting the electrical power of an oscillation pulse voltage 
signal outputted at a part where the piezoelectric transformer 
is driven. However, dimming is performed by continuously 
controlling the tube current by controlling an average input 
voltage of the piezoelectric transformer. As a result, when a 10 
widely ranging dimming such as a dimming ranging from 10 
to 100% is performed, the above-described control systems 
cannot be used. In other words, the normal range of the tube 
current of a cold-cathode tube is narrow, for example, 
ranging from 2 to 5 mA rms, and the luminance is appro xi- 15 
mately proportional to the tube current. As a result, it is very 
difficult to broaden the dimming range by using a dimming 
method which continuously controls the tube current. 

Furthermore, in Japanese Unexamined Patent Publication 
No. 8-149850, the piezoelectric transformer is intermittently 20 
driven by a frequency lower than the piezoelectric trans- 
former driving frequency, by which the tube current is 
switched on and off by a frequency equivalent to or higher 
than a visible frequency so as to achieve dimming. For 
example, when an on and off ratio is set to be in a range of 
10% to 100%, a dimming range of 10% to 100% is obtained. 

However, in a manner similar to that of the aforemen- 
tioned cases, in the conventional art described in Japanese 
Unexamined Patent Publication No. 8-149850, when the x 
input voltage has a wide range, such as a range of 7 to 20V, 
the tube current obtained when the tube current is in an on 
state increases and decreases approximately in proportion to 
the input voltage. Therefore, the luminance becomes 
unstable due to changes in the input voltage. 35 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
solve the above-described problems in the conventional art 
and to provide a piezoelectric transformer inverter capable 40 
of being driven over wide ranges of input voltages and 
output currents, achieving a wide range of dimming, and 
maintaining high efficiency in the overall driven ranges 
thereof so as to obtain luminance stability. 

According to an aspect of the present invention, there is 45 
provided a piezoelectric transformer inverter in which a load 
is driven by a piezoelectric transformer. The piezoelectric 
transformer inverter includes a piezoelectric transformer, 
which has input electrodes and output electrodes and which 
boosts an AC voltage applied between the input electrodes 50 
to supply the boosted AC voltage to a load connected to the 
output electrode; a piezoelectric transformer drive unit con- 
nected to the piezoelectric transformer to drive the piezo- 
electric transformer, the piezoelectric transformer drive unit 
having conductive elements, switching elements, and a 55 
phase drive circuit into which a pulse voltage signal for 
driving the switching elements is inputted, and converting 
an inputted AC voltage into an AC voltage of a substantially 
constant frequency lower than the inputted voltage to output 
to the piezoelectric transformer; a phase-difference detecting 60 
unit for detecting the phase difference between a driving 
signal which controls the on-off operation of the switching 
elements and an output current or an output voltage of the 
piezoelectric transformer to output a control voltage corre- 
sponding to the phase difference; and a frequency control 65 
unit for outputting a pulse voltage signal of a frequency 
based on the control voltage outputted from the phase- 
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difference detecting unit to the phase difference drive circuit 
of the piezoelectric transformer drive unit so that the value 
of the phase difference can be a desired value. 

Preferably, the piezoelectric transformer inverter also 
includes a drive voltage control unit connected between a 
DC power source and the piezoelectric transformer drive 
unit to convert a DC voltage supplied from the DC power 
source into a variable duty-ratio pulse voltage by a fre- 
quency higher than a DC frequency or a piezoelectric 
transformer driving frequency so as to perform control in 
such a manner that an average voltage outputted to the 
piezoelectric transformer drive unit can have a constant 
value. 

In addition, preferably, the piezoelectric transformer 
inverter according to the above-described aspect of the 
present invention also includes a drive voltage control unit 
connected between a DC power source and the piezoelectric 
transformer drive unit, the drive voltage control unit con- 
verting a DC voltage supplied from the DC power source 
into a variable duty-ratio pulse voltage by a frequency 
higher than a DC frequency or a piezoelectric transformer 
driving frequency to control an average voltage outputted to 
the piezoelectric transformer drive unit so that the value of 
the output current of the piezoelectric transformer is set to be 
a desirable value. 

In addition, in the above-described piezoelectric trans- 
former inverter, the drive voltage control unit preferably has 
a chopper, and the switching elements of the piezoelectric 
transformer drive unit are driven by a divided frequency of 
a pulse signal which drives the chopper. 

In addition, the piezoelectric transformer inverter 
described above may also include an intermittent-drive 
control unit for making the piezoelectric transformer driving 
operation of the piezoelectric transformer drive unit an 
intermittent driving performed at a frequency lower than the 
piezoelectric transformer driving frequency. 

In this case, preferably, a frequency of an output voltage 
of the drive voltage control unit is intermittendy blocked by 
a frequency lower than the piezoelectric transformer driving 
frequency. 

Furthermore, driving of the switching elements of the 
piezoelectric transformer drive unit may be intermittently 
stopped by a frequency lower than the piezoelectric trans- 
former driving frequency. 

Furthermore, in the above-described piezoelectric trans- 
former inverter, the frequency control unit may include a 
dead time circuit having a dead-time controlling function for 
setting the dead time of an oscillation pulse to allow the dead 
time to be intermittently 100% so as to change the dead-time 
duty. 

In addition, in the above-described piezoelectric trans- 
former inverter, a first coil and a first switching element, and 
a second coil and a second switching element may be 
disposed as the conductive elements and switching elements 
of the piezoelectric transformer drive unit, and the phase 
drive circuit may serve as a two-phase drive circuit which 
alternately drives the first coil and switching element, and 
the second coil and switching element. 

Furthermore, in the above-described piezoelectric trans- 
former inverter, a first switching element and a second 
Switching element may be disposed as the switching ele- 
ments of the piezoelectric transformer drive unit, and the 
conductive elements of the piezoelectric transformer drive 
unit may be auto-transformers each having a first terminal, 
a second terminal, and an intermediate tap. The first and 
second terminals of the auto-transformers are connected to 
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the piezoelectric transformer, and the intermediate taps former drive unit 2, a drive voltage control unit 3, a 

thereof are connected to the first and second switching phase-difference constant control unit 4, a frequency control 

elements. circuit 5, and an intermittent-drive control unit 6. 

However, the piezoelectric transformer drive unit may In addition, the piezoelectric transformer inverter used in 

have one of a coil and an auto-transformer, and a switching * this embodiment has an input terminal 8 connected to an 

element external DC power source 7. A DC voltage is inputted to the 

The conductive element of the above piezoelectric trans- ^ volta g e ™ ir ? unit 3 from the m P Ut J™" 1 8 *» 

former drive unit may be an insulation transformer having a »C P°™ 7 > *> r example convenUonally, a battery 

primary winding and a secondary winding, an end of the or an AC adapter used * a portable ^formation processing 

primary winding of the insulation transformer being con- 10 devicc,which outputs a DC voltage changing m a range of 

nected to the switching element, and an end of the secondary 7 t0 K used * , . ^ . , . r ^ ¥ , _ . 

windmgthereofbeingconne^ ^ *™ voltage control unit 3 includes a p-typeFETQl 

piezoelectric transformer. ^ ^t terminal 8 is connected to the source electrode of 

the FET Ql. The drain electrode of the FET Ql is connected 

BRIEF DESCRIPTION OF THE DRAWINGS to the piezoelectric transformer drive unit 2. In addition, the 

« . .... c • , . ^ P gate electrode of the FET Ql is connected to a frequency 

HG. 1 is a circuit diagram of a piezoelectric transformer ^ ^ ^ d£scnlyed below. A diode Dl 

inverter according to a first embodiment of the present fe comected me ^ electrode of the FET Ql and 

invention; a potential in such a manner that the ground potential 

FIG. 2 is a chart illustrating a voltage waveform of each 20 direction is set to be a reverse direction. Furthermore, a 

part of the piezoelectric transformer inverter according to res istor Rl and a capacitor CI are connected in series 

the first embodiment, obtained when an input voltage V lfI is between the drain electrode of the FET Ql and another 

l° w i ground potential. 

FIG. 3 is a chart illustrating a voltage waveform of each \ n(X je 3a is disposed between the resistor Rl and the 

part of the piezoelectric transformer inverter according to 25 ca p ac itor CI, and between the node 3a and another ground 

the first embodiment, obtained when the input voltage is potential, voltage division resistors R2 and R3 are connected 

high; in series. In addition, a voltage division point 3b as a node 

FIG. 4 is a chart illustrating a voltage waveform of each disposed between the voltage division resistors R2 and R3 is 

part of the piezoelectric transformer inverter of the embodi- connected to the frequency control circuit 5. 
ment; 30 In the drive voltage control unit 3, the FET Ql is switched 

FIG. 5 is a graph showing the relationship between an by a pulse voltage signal supplied from the frequency 

output voltage of a phase-difference detection voltage con- control circuit 5. The diode Dl serves as a current retaining 

version circuit and a detected phase difference; unit. 

FIG. 6 is a chart illustrating the waveforms of signals at 35 In addition, the resistor Rl, the capacitor CI, and the 

parts of an intermittent-drive control unit; resistors R2 and R3 form a circuit for detecting an average 

FIG. 7 is a graph showing frequency characteristics of a voltage outputted from the drive voltage control unit 3. 
boosting ratio, efficiency, and phase differences of a piezo- The piezoelectric transformer drive unit 2 converts an AC 

electric transformer; voltage inputted from the drive voltage control unit 3 into an 

FIG. 8 is a circuit diagram of a piezoelectric transformer 40 AC voltage of a substantially constant frequency lower than 

inverter according to a second embodiment of the present the inputted AC voltage to output to the piezoelectric 

invention; transformer 1. 

FIG. 9 is a circuit diagram of a piezoelectric transformer l » me Piezoelectric transformer drive unit 2, a first coil LI 

inverter according to a third embodiment of the present and a second coil U are used as conductive elements^ One 

. 45 end of each of the first coil LI and the second coil L2 is 

"* r . . - connected to an output end of the drive voltage control unit 

FIG. 10 is a circuit diagram of a piezoelectnc transformer ^ ^ ^ ^ ^ ^ u fc tQ a ^ 

mverter according to a fourth embodiment of the present mpul electrode U of ^ piezoelectric transformer 1, and the 

invention; other end Qf the ^^q^ cofl L2 is connected to a second 

FIG. 11 is a circuit diagram of a piezoelectric transformer k t electrode lb of the piezoelectric transformer 1. 
inverter according to a fifth embodiment of the present Furlbcrmore , the piezoelectric transformer drive unit 2 

invention; includes n-type FETs Q2 and Q3 as a first switching element 

FIG. 12 is a typical equivalent circuit diagram of a and a second switching element. The drain electrode of the 

piezoelectric transformer; and F £ T Q2 ^ connected to the output end of the first coil LI, 

FIG. 13 is a graph showing frequency characteristics of 55 an( j the source electrode of the FET Q2 is connected to a 

input capacitance of a piezoelectric transformer and input ground potential. In addition, the drain electrode of the FET 

impedance thereof. Q3 is connected to the output end of the second coil L2, and 

HF^rRiimnM of THF PRFFFRRFD ^ electrodc of the FET Q3 is connected to another 

DESCRIPTION OF TIffiPREFERRED ground potential. Each of the gate electrodes of the FETs Q2 

EMBODIMENTS ^ and Q3 is connected to a two-phase drive circuit 2a driving 

A description will be given of embodiments of the present the FETs Q2 and Q3 alternately, 
invention with reference to the drawings. The two-phase drive circuit 2a is connected to the fre- 

FIG. 1 is a circuit diagram of a piezoelectric transformer quency control circuit 5, from which a pulse voltage signal 

inverter according to a first embodiment of the present of a frequency described below is inputted to the two-phase 

invention. 65 drive circuit 2a. 

The piezoelectric transformer inverter is basically com- The piezoelectric transformer 1 is comprised of a known 

posed of a piezoelectric transformer 1, a piezoelectric trans- Rosen-type piezoelectric transformer, and has a first input 



US 6,226,196 Bl 

7 8 

electrode la, a second input electrode lb, and an output pulse voltage V cho based on the frequency of a pulse voltage 

electrode lc. When an AC voltage is applied between the signal supplied from the frequency control circuit 5. 

input electrode la and the second input electrode lb, the When an input voltage indicated by the symbol V f is low, 

piezoelectric transformer 1 boosts the AC voltage to output the on-duty ratio of the pulse voltage is increased as in 

from the output electrode lc. 5 the case of a pulse voltage \ cho shown in FIG. 2. When the 

The output electrode lc of the piezoelectric transformer 1 input voltage V, is high, the on-duty ratio thereof is 

is connected to a discharge tube 9 as a load. The other end decreased, as shown in FIG. 3. As a result, a constant 

of the discharge tube 9 is connected to a ground potential. In average voltage can be obtained. In other words, when the 

addition, in order to detect a load current, a phase difference average output voltage is set such that the average output 

detection voltage conversion circuit 4b is connected to a to voltage is obtained by multiplying the input voltage V, by a 

node 4a disposed between the other end of the discharge value of the on-duty ratio, the average output voltage of the 

tube 9 and the ground potential. The phase difference drive voltage control unit 3 can be made constant, 

detection voltage conversion circuit 4b has another input end FIGS. 2 and 3 show graphs of voltage waveforms. In these 

connected to the gate electrode of the FETQ3 as the second figures, the ways in which the graphs are drawn do not 

switching element. 15 indicate that the voltages of upper waveforms are higher 

In the phase difference detection voltage conversion cir- than those of lower waveforms. For example, the way in 

cuit 4b, the load current inputted from the node 4a is which is drawn does not indicate that it is larger than 

converted into a pulse voltage, and the phase difference V^. 

between the pulse voltage and the gate voltage of the FET ^ me pi ezoe lectric transformer drive unit 2, the rectan- 

Q3 is detected to output a voltage V ph corresponding to the 20 wave pulse voltage supplied from the drive voltage 

phase difference. control unit 3 is converted into an AC voltage close to the 

An output end of the phase difference detection voltage waveform of a sine wave of a frequency near to the resonant 

conversion circuit 4b is connected to an integration circuit frequency of the piezoelectric transformer 1. 

4c. The integration circuit 4c has an input end to which a ^ In a dditi 0I1> me two-phase drive circuit 3a inputs a rect- 

voltage is inputted from the phase difference detection angular wave 180° out of phase to the gate electrodes of the 

voltage conversion circuit 4b and an input end to which a pETs 02 and Q3. The gate electrodes thereof are parts to 

specified reference voltage is inputted therefrom. In the whicn driving signals are inputted. This permits the FETs Q2 

integration circuit 4c, comparison and integration of the and Q3 to be alternately switched on-off. FIG. 2 shows 

voltage and the reference voltage are performed to ^ waV eforms of the gate voltages and of the FETs Q2 

output a control voltage V o corresponding to the phase ^ Q3 obtained when the input voltage is low. 

difference * FIG. 3 shows waveforms of the gate voltages and 

The frequency control circuit 5 is connected to the inte- y obtained wnen me mput voltage is high, 

gration circuit 4c in such a manner that the control voltage T7T7rr M . . - + 4 , . ni : n 

Xt ■ f j c *u • * ** a wtu *tL When the FET Q2 is in an off state and the FET Q3 is in 

V Q is supplied from the integration circuit 4c. When the ^ . , . - 4 

° , i, , , Jr * 4U u a;o- _ _ v 35 an on state, an LC series resonance is generated by the first 

control voltage V corresponding to the phase difference is j 4 , . 4 . f v & . , . • . 

_ ^ _° ^ " , . _ 4 . - coil LI and the input capacitance of the piezoelectric trans- 

supplied to the frequency contK, CHCUlt 5 the frequency ^ J waye fe tf ^ ^ 

contn)l drant 5 outputs a puke voltage sujnal of a frequency ^ de piezoel6Ct ric tiansfonner 1. In 

corresponding* the control voltage V to two-phase contrast, when the FET Q2 is in an on state and the FET Q3 

^^^^f*^™^^^^^^ 40 is in an off state, a series resonance is generated by the 

2 Umt3bytbe &eqUenCy ° f pUjSC inductance of the second coil L2 and the input capacitance 

vo gesign ofthe piezoelectric transformer 1, by which a half sine wave 

In addition, in this embodiment, the frequency control fa rated at ^ stjCaod mput electrode lb of the piezo- 

circuit 5 is connected to an intermittent-drive control unit 6. electric transformer 1 

The intermittent-drive control unit 6 has a comparator 6a 45 __ ' _ _ - - .« 

and a triangular-wave generation circuit to. One input end , n FIG. 2, volUges and V ^w wavefonns of toe 

ofthe comparator 6a is connected to a dimming signal input *™ vo tages of the FETs Q2 and Q3 obtained when the 

terminal 6c. A dimming signal as a voltage signal for "P* volta f V - nG ; t 3 ' Vo1 ^^ ^ V <" 

dimming is mputteXm me dimrmng signal input terminal show w ave forms of the drain voltages of the FETs Q2 and 

6c. Tne other input end of the comparator 6a is connected to 50 Q3 obtamed when the input voltage V,,, is high, 

the triangular-wave generation circuit 6b. The triangular- With this arrangement, when the FETs Q2 and Q3 are 

wave generation circuit 6b generates a triangular wave of a alternately driven, an AC voltage having a waveform close 

frequency lower than a piezoelectric transformer driving to that of a sine wave is applied to each of the first input 

frequency, for example, a triangular wave of 100% to 500 electrode la and the second input electrode lb of the 

H2 55 piezoelectric transformer 1. 

Next, a description will be given of the operation of the Preferably, inductance values of the coils LI and L2 are 

piezoelectric transformer inverter of the present invention. selected in such a manner that a resonant frequency obtained 

A varying DC voltage is supplied from a DC power source when the input capacitance of the piezoelectric transformer 

7. In the drive voltage control unit 3, an on-duty variable 1 and the coils LI and L2 produce resonance is set to be 

chopper circuit formed by the FET Ql and the diode Dl 60 slightly higher than the resonant frequency ofthe piezoelec- 

permits the DC voltage to be converted into a rectangular- trie transformer 1. 

wave pulse voltage signal of a frequency higher than the In this way, an alternating current having a waveform 

piezoelectric transformer driving frequency, for example, a close to that of a sine wave, for example, a current of 60 kHz 

frequency of 240 kHz, while having a constant average with 10 V rms is applied to the piezoelectric transformer 1 

voltage. The rectangular-wave pulse voltage indicated by the 65 from the piezoelectric transformer drive unit 3. The piezo- 

symbol is outputted to the piezoelectric transformer electric transformer 1 boosts the applied voltage and output 

drive unit 2. In this case, the DC voltage is converted into the the boosted voltage from the output electrode lc. 
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Hie boosted high-tension AC voltage, such as a voltage of Therefore, when a cold-cathode tube is used as the 

60 kHz with 500 V rms, is supplied to the discharge tube 9. discharge tube 9, the on-duty ratio control described above 

With the high voltage, for example, a tube current of permits the burst dimrning to be performed, 

approximately 60 kHz with 3 to 5 mA rms flows through the pj G 7 sn0 ws driving frequency dependences of the 

discharge tube 9, with the result that the discharge tube 9 is 5 boosting ratio and efficiency of the piezoelectric transformer 

u *- 1, and driving frequenc y dependence o f the phase difference 

The tube current is inputted to the phase difference between the input voltage and output voltage of the piezo- 

detection voltage conversion circuit 4b, in which the input- e i ectric transformer 1. As is evident in FIG. 7, the efficiency 

ted tube current is converted into a pulse voltage cone- of me piezoclectric transformer 1 reaches its peak at a 

^^gto^^^f F ^ e ™° rc '^ *™ng signal 10 fr slightl ^er than a frequency at which a 

° f ^JFJ^l ^ ^ ¥1 ^ lta ^^ereof is also ^^ g \^rLh^ its peak. In addition, the phase 

inputted to ^hephasedifferencede ection vo Uage conversion J input voltage and output voltage of 

circuit 4b. The phase difference detection voltage conversion " . . t „ F % J* V ™ Jf #ij 

circuit 4b detects the phase difference between the gate *e piezoelectric ^ ^former 1 can belong to one of the 

voltage of the FET Q3 and the pulse voltage corresponding following cases (1) and (2). 

to the tube current to output a DC voltage corresponding 15 (1) The phase difference is in proximity to 0° on the side 

to the phase difference. of frequencies lower, than a resonant frequency, and the 

The integration circuit 4c performs comparison and inte- phase difference is in proximity t o 180° o n the side of 

gration of the DC voltage V ph outputted from the phase frequencies higher than the resonant frequency. The effi- 

difference detection voltage conversion circuit 4b and a ciency frequency peaks, when the phase difference is in 

predetermined reference voltage to output a control 20 proximity to 90°. 

voltage V 0 to the frequency control circuit 5. (2) The phase difference is in proximity to 0° (360°) on 

In other words, the driving signal of the FET Q3 and the the side of frequencies lower than a resonance frequency, 

tube current as a load current are converted into rectangular and the phase difference is in proximity to -180° (180°) on 

waves having the same half cycle, phase, and frequency to me side of frequencies higher than the resonance frequency, 

obtain a logical AND of both currents so as to obtain the 25 jbe efficiency frequency peaks, when the phase difference is 

rectangular wave of a duty ratio corresponding to the phase m proxmlity to / 2 7o°). 

difference. Then, the rectangular wave is smoothed to output iV J v . 

a control voltage V 0 in proportion to the duty ratio. ITie Whether *f P has f *f™»<* ^ff e ° * e ^voltage 

control voltage V 0 outpuned from the integration circuit 4c and output vottage of the ^piezoelectn^ 

is in proportion to the phase difference detected by the phase 30 to (1) or (2) is determined by which switching element of the 

difference detection voltage conversion circuit 4b as FET Q2 and the FET Q3 is used to obtain a switching 

described above (See FIG. 5) element drive controlling signal, or by a polarization direc- 

The frequency control circuit 5, to which the control tion of ffie piezoelectric transformer 1. Therefore, one of the 

voltage V 0 is inputted, outputs a rectangular wave pulse cases (1) and (2) can be selected according to design 

voltage signal of a frequency determined by the value of the 35 conditions. 

control voltage V 0 to the two-phase drive circuit 2a of the As described above, in the piezoelectric transformer 

piezoelectric transformer drive unit 2. inverter of the first embodiment, instead of the input voltage -. 

The two-phase drive circuit 2a switches the FETs 02 and waveform of the piezoelectric transformer 1, the phase 
Q3 on and off according to the frequency of the rectangular difference between the drive Controlling signal of the FET 
wave pulse voltage signal supplied from the frequency ^ Q3 as the switching element used for a piezoelectric trans- 
control circuit 5. Similarly, the above rectangular wave pulse former drive unit, which is indicated by FIG. 4 waveform 
voltage signal supplied from the frequency control circuit 5 (a), and the tube current indicated by FIG. 4 waveform (b) 
is supplied to the gate electrode of the FET Ql of the drive as the output current of the piezoelectric transformer 1 is 
voltage control unit 3, and the FET Ql is switched on and detected , as shown in FIG. 4 waveform (e). i nen, the driving 
off by the frequency of the rectangular wave. 45 frequency is controlled in such a manner that the phase 

In addition, in the intermittent drive unit 6, a dimming difference can be maintained constant to be a phase differ- 

signal voltage inputted from the outside is inputted to one of ence in which the efficiency of the piezoelectric transformer 

the input terminals of the comparator 6a. The dimming 1 reaches its peak. As a result, even though the load 

signal is, as shown in FIG. 6, a DC voltage signal. condition of the piezoelectric transformer 1 and the ambient 

In the'comparator 6a, the triangular wave, which is seen 50 temperature thereof are changed, the piezoelectric trans- 

in FIG. 6 waveform (a), generated at the triangular-wave former 1 can be driven at the frequency of highest efficiency., 

generation circuit 6b, is compared with the above dimming In the above embodiment, the phase difference between 

signal, by which a burst signal of a rectangular wave in the drive controlling signal of the switching element used for 

which the on-duty ratio is changed is outputted. FIG. 6 the piezoelectric transformer drive unit 3 and the tube 

waveform (b) indicates the waveform of the burst signal. 55 current as the output current of the piezoelectric transformer 

The burst signal is inputted to a dead-time terminal DT 1 is detected. However, the phase difference between the 

disposed in the frequency control circuit 5. Thus, with the switching element drive controlling signal shown in FIG. 4 

triangular wave frequency, for example, a frequency of 200 waveform (a) and the output voltage of the piezoelectric 

kHz, the dead time of the FET Ql is intermittenUy set to be transformer 1 may be detected. 

100%. That is, a rectangular wave output pulse indicated by 60 FIG. 8 is a circuit diagram illustrating a piezoelectric 

FIG. 6 waveform (d), which is supplied to the piezoelectric transformer inverter according to a second embodiment of 

transformer drive unit 2 from the drive voltage control unit the present invention. In the second embodiment, a dis- 

3, is switched on and off by the triangular wave frequency. charge tube 9 is connected to a current voltage conversion 

As a result, the piezoelectric transformer 1 is intermittently circuit 10. For example, the current voltage conversion 

driven, and current flowing through the discharge tube 9 is 65 circuit 10 is formed by connecting a current detection 

also intermittently in the on-off state, as seen in FIG. 6 resistor between an end of the discharge tube 9 and a ground 

waveform (e). potential, and connecting a rectifying circuit for converting 
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an AC voltage into a DC voltage to a node disposed between The drain electrode of the FET Q2 is connected to the coil 

the current detection resistor and the discharge tube 9. LI, and the source electrode of the FET Q2 is connected to 

The current voltage conversion circuit 10 converts the a ground potential. In addition, since the piezoelectric trans- 
tube current into a DC voltage corresponding to the mag- former drive unit 2 uses the single FET Q2 only, a frequency 
nitude of the tube current. The DC voltage is inputted to a 5 division circuit 2c as a phase drive circuit is used The 
frequency control circuit 5. frequency division circuit 2c is connected to the gate elec- 

In the frequency control circuit 5, based on the DC trode of the FET Q2. Furthermore, the gate electrode of the 

voltage proportionate to the tube current, a specified fre- FET Q2 is also connected to a phase difference detection 

quency signal is outputted to an FET Ql to change the voltage conversion circuit 4b. 

on-duty ratio of the FET Ql. That is, the on-duty ratio of the 10 Meanwhile, a frequency-controlling pulse voltage signal 

FET Ql is controlled by the above frequency signal in such supplied from a frequency control circuit 5 is inputted to the 

a manner that the value of the tube current can be a desired fr ^ uency c i rcuil 2c. 

value. As a result, the control can be performed in such a ~V , . . _ ^. ... , 4 . 

manner that the tube current can b£ maintained to be Th* other parts in the fourth embodiment are the same as 

constant, with respect to changes in temperature and load those shown in the first embodiment 

conditions in addition to changes in the tube current occur- In the fourth embodiment, since only a single FET Q2 and 

ring when the input voltage is changed. This permits the a single coil LI are used, a voltage applied to the first input 

lu minance of the discharge tube 9 to be controlled in a stable electrode la and second input electrode lb of a piezoelectric 

manner. = transformer 1 forms a half sine wave. Therefore, when 

Additionally, in the second embodiment, as an alternative compared to the case in which the voltage having a wave- 
to the two-phase drive circuit 2a, a two-phase drive 20 form substantially the same as that of a sine wave is inputted, 
frequency-division circuit 2b is disposed. The frequency of as shown in the first embodiment, the output voltage in the 
the pulse voltage signal outputted from the frequency con- fourth embodiment becomes approximately Vi. As a result, 
trol circuit 5 is divided to have one-quarter frequency by the when a piezoelectric transformer drive unit as used in the 
two-phase drive frequency-division circuit 2fc, and FETs Q2 fourth embodiment is applied to a case not requiring such a 
and Q3 are driven by the divided-frequency signal. 25 boosting ratio, the number of components and the produc- 

F1G. 9 is a circuit diagram of a piezoelectric transformer tion cost can be reduced, 

inverter according to a third embodiment of the present FIG. 11 is a circuit diagram illustrating a piezoelectric 

invention. In the third embodiment, in a piezoelectric trans- transformer inverter according to a fifth embodiment of the 

former drive unit 2, instead of the coils LI and L2, auto- M present invention. 

transformers Tl and T2 are used. In the auto-transformers i n the fifth embodiment, as an alternative to the coil LI, 

TL and T2, the winding ratio between a primary winding and a n insulation transformer 13 is used as a conductive element 

a secondary winding is set to be 1:N (N is an arbitrary used in a piezoelectric transformer drive unit 2. The other 

integer). structural parts are the same as those in the fourth embodi- 

Each of the auto-transformers Tl and T2 has a first 35 ment. In the insulation transformer T3, an end of a primary 

terminal, a second terminal, and an intermediate tap. The winding is connected to a drive voltage control unit 3, and 

first terminals of the auto-transformers Tl and T2 are the other end thereof is connected to the drain electrode of 

connected to a drive voltage control unit 3. In addition, the an FET Q2. In addition, an end of a secondary winding of 

second terminal of the auto-transformer Tl is connected to the insulation transformer T3 is connected to a ground 

a first input electrode la of a piezoelectric transformer 1, and ^ potential, and the other end thereof is connected to a first 

the second terminal of the auto-transformer T2 is connected input electrode la of a piezoelectric transformer 1. 

to a second input electrode lb of the piezoelectric trans- jjj the insulation transformer T3, the winding ratio 

former 1. Furthermore, the intermediate taps of the auto- between the primary winding and the secondary winding is 

transformers Tl and T2 are connected to the drain electrodes set to be 1:N. 

of the FETs Q2 and Q3, respectively. 45 i n the fifth embodiment, since a voltage inputted to the 

The other structural parts in the third embodiment are the piezoelectric transformer 1 forms a sine wave, the efficiency 

same as those in the first embodiment can be increased more than in the case of the fourth 

In the third embodiment, the auto-transformers Tl and T2 embodiment In addition, since the fifth embodiment uses 

are used, and the winding ratio between the primary winding the insulation transformer T3 of the aforementioned winding 

and the secondary winding of the auto-transformers Tl and 50 ratio, the voltage applied to the piezoelectric transformer 1 

T2 is set to be 1:N. As^resu lt, a voltage inputted to the is set to be N times as much as that in the first embodiment, 

piezoelectric transformer 1 is increased to be (1+N) times as Thus, the insulation transformer 13 may be suitably used 

much as that in the first embodiment. Accordingly, the when the boosting ratio of the piezoelectric transformer 1 is 

auto-transformers may be suitably used when the boosting low, and when the input voltage of the piezoelectric 

ratio of the piezoelectric transformer 1 is low , and when the 55 transformer 1 is low. 

input vo ltage of the piezoelectric transforme r l^is l ow. As described above, in the piezoelectric transformer 

FIG. 10 is a circuit diagram illustrating a piezoelectric inverter according to the present invention, the piezoelectric 

transformer inverter according to a fourth embodiment of transformer drive unit drives the piezoelectric transformer, 

the present invention. The piezoelectric transformer drive unit includes conductive 

In the fourth embodiment, only a single coil LI and a FET 60 elements, switching elements, and a phase drive circuit to 

Q2 as a single switching element are used in a piezoelectric which a pulse voltage signal driving the switching elements 

transformer drive unit 2. Specifically, one end of the coil LI is inputted. A phase difference detecting unit detects the 

is connected to a drive voltage control unit 3, and the other phase difference between a driving signal controlling the 

end thereof is connected to a first input electrode la of a on-off operation of the switching elements and the output 

piezoelectric transformer 1. A second input electrode lb of 65 current or output voltage of the piezoelectric transformer, 

the piezoelectric transformer 1 is connected to a ground Then, a voltage corresponding to the phase difference is 

potential. outputted, and in a frequency control unit, a pulse voltage 
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signal of a frequency for controlling the phase difference 
based on the voltage supplied from the phase difference 
detecting unit is outputted to the phase difference drive 
circuit of the piezoelectric transformer drive unit in such a 
manner that the value of the phase difference is set to be a 5 
desired value. 

That is, the switching element driving signal is used as 
one of the signals detecting the phase difference in the 
constant phase-difference control system. While the input 
voltage of the piezoelectric transformer is significantly influ- t° 
enced by changes in frequency, load, and input voltage, the 
switching element driving signal is unlikely to be influenced 
by these factors, and the driving signal forms a rectangular 
wave. Therefore, when the switching element driving signal 
is used as a phase difference detecting signal, a cycle, a 
phase difference, and a frequency, can be reliably detected. 

As compared to a case in which the input voltage of the 
piezoelectric transformer is used as a phase difference 
d etectin g signal, the present invention permits the phase 
difference to be more accurately detected. Accordingly, 20 
when a driving frequency is controlled in such a manner that 
the phase difference between the switching element driving 
signal and the output voltage or output current of the 
piezoelectric transformer can be maintained constant, even 
though load conditions and ambient temperature change, the 25 
piezoelectric transformer can be driven by the highest- 
efficiency frequency of the piezoelectric transformer. 

Furthermore, according to some aspects of the present 
invention, since an average voltage outputted to the piezo- ^ 
electric transformer drive unit is maintained constant by the 
drive voltage control unit, the piezoelectric transformer can 
be driven in a wider range of input voltages. 

Furthermore, according to another aspect of the present 
invention, the drive voltage control unit has a chopper unit, 35 
and the switching elements of the piezoelectric transformer 
drive unit are driven by the divided frequency of a pulse 
signal driving the chopper unit. Thus, the piezoelectric 
transformer drive unit permits the pulse voltage supplied 
from the drive voltage control unit to be converted into an ^ 
AC voltage having a waveform substantially close to that of 
a sine wave. 

Furthermore, according to another aspect of the present 
invention, an intermittent-drive control unit is also disposed 
for making the driving of the piezoelectric transformer drive 45 
unit an intermittent driving performed at a frequency lower 
than the piezoelectric transformer driving frequency. Thus, 
the intermittent-drive control unit permits a burst dimming 
to be performed, which can broaden the range of dimming. 
In addition, in retaining the burst at a burst-dimming 50 
operation, the input voltage waveform of the piezoelectric 
transformer does not occur. However, in the present 
invention, instead of the input voltage waveform of the 
piezoelectric transformer, the driving signal of the switching 
element is used as a phase difference detecting signal. Thus, 55 
even when the burst dimming is performed, the phase 
difference can be reliably controlled, and high efficiency can 
be maintained over a wide range of input voltages and 
dimming. 

Regarding the intermittent-drive control unit, the output 60 
of the drive voltage control unit may be intermittently 
stopped. Alternatively, the driving of the switching element 
may be intermittently stopped. 

According to another aspect of the present invention, 
since the frequency control unit has the dead-time circuit, 65 
when the dead time is intermittently set to be 100% so as to 
change the dead-time duty, burst dimming can be achieved. 
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Furthermore, according to another aspect of the present 
invention, the two-phase drive circuit alternately drives the 
first coil and switching element, and the second coil and 
switching element. With this arrangement, a voltage inputted 
to the piezoelectric transformer approximately forms a sine 
wave, which can increase the output voltage of the piezo- 
electric transformer. 

According to another aspect of the present invention, 
since auto-transformers as conductive elements are con- 
nected to the first and second switching elements, 
respectively, auxiliary boosting can be performed in the 
auto-transformers according to the winding ratios between 
the primary windings and secondary windings of the auto- 
transformers. Therefore, the boosting ratio of the piezoelec- 
tric transformer can be compensated, and this arrangement 
can be suitably used when the input voltage is low. 

Furthermore, according to another aspect of the present 
invention, since the piezoelectric transformer drive unit has 
a single coil and a single switching element, the number of 
components can be reduced and cost reduction can be 
achieved. 

Furthermore, according to another aspect of the present 
invention, the conductive element of the piezoelectric trans- 
former drive unit is an insulation transformer. One end of a 
primary winding of the insulation transformer is connected 
to a switching element, and one end of a secondary winding 
thereof is connected to the input electrode of the piezoelec- 
tric transformer. With this arrangement, auxiliary boosting 
can be performed according to the winding ratio between the 
primary winding and secondary winding of the insulation 
transformer. As a result, the boosting ratio of the piezoelec- 
tric transformer can be compensated, and this arrangement 
can be suitably used when the input voltage of the piezo- 
electric transformer is low. 

In addition, obviously, many modifications and variations 
of the present invention are possible in the light of the above 
teachings. It is therefore to be understood that the invention 
may be practiced otherwise than as specifically described 
within the scope of the appended claims. 

What is claimed is: 

1. A piezoelectric transformer inverter, which drives a 
load by a piezoelectric transformer, comprising: 

a piezoelectric transformer which has an input electrode 
and an output electrode and which boosts an AC 
voltage applied to the input electrode to supply the 
boosted AC voltage to a load connected to the output 
electrode; 

piezoelectric transformer driving means connected to the 
piezoelectric transformer to drive the piezoelectric 
transformer, the piezoelectric transformer driving 
means having conductive elements, switching 
elements, and a phase drive circuit into which a pulse 
voltage signal for driving the switching elements is 
inputted, and converting an inputted AC voltage into an 
AC voltage of a substantially constant frequency lower 
than the inputted voltage to output to the piezoelectric 
transformer; 

phase-difference detecting means for detecting the phase 
difference between a driving signal for controlling the 
on-off operation of the switching elements and an 
output current or an output voltage of the piezoelectric 
transformer to output a control voltage corresponding 
to the phase difference; and 

frequency controlling means for outputting a pulse volt- 
age signal of a frequency based on the control voltage 
outputted from the phase-difference detecting means to 
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the phase difference drive circuit of the piezoelectric 
transformer driving means so that the value of the 
phase difference can be a desired value. 

2. A piezoelectric transformer inverter according to claim 
1, further comprising drive voltage controlling means con* 
nected between a DC power source and the piezoelectric 
transformer driving means, the drive voltage controlling 
means converting a DC voltage supplied from the DC power 
source into a variable duty-ratio pulse voltage by a fre- 
quency higher than a DC frequency or a piezoelectric 
transformer driving frequency to perform control an average 
voltage outputted to the piezoelectric transformer driving 
means so as to have a constant value. 

3. A piezoelectric transformer inverter according to claim 
1, further comprising drive voltage controlling means con- 
nected between a DC power source and the piezoelectric 
transformer driving means, the drive voltage controlling 
means converting a DC voltage supplied from the DC power 
source into a variable duty-ratio pulse voltage by a fre- 
quency higher than a DC frequency or a piezoelectric 
transformer driving frequency to control an average voltage 
outputted to the piezoelectric transformer driving means so 
that the value of the output current of the piezoelectric 
transformer is set to be a desirable value. 

4. A piezoelectric transformer inverter according to any 
one of claims 2 and 3, wherein the drive voltage controlling 
means has a chopper, and the switching elements of the 
piezoelectric transformer driving means are driven by a 
divided frequency of a pulse signal which drives the chop- 
per. 

5. A piezoelectric transformer inverter according to any 
one of claims 1 to 3, further comprising intermittent-drive 
controlling means for making the piezoelectric transformer 
driving operation of the piezoelectric transformer driving 
means an intermittent driving performed at a frequency 
lower than the piezoelectric transformer driving frequency. 

6. A piezoelectric transformer inverter according to claim 
5, wherein a frequency of an output voltage of the drive 
voltage controlling means is intermittently blocked by a 
frequency lower than the piezoelectric transformer driving 
frequency. 

7. A piezoelectric transformer inverter according to claim 
5, wherein driving of the switching elements of the piezo- 
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electric transformer driving means is intermittently stopped 
by a frequency l ower than the piezoelectric transformer 
driving frequency. 

8. A piezoelectric transformer inverter according to claim 
5 5, wherein the frequency controlling means includes a dead 
time circuit having a dead-time controlling function for 
setting the dead time of an oscillation pulse to allow the dead 
time to be intermittently 100% so that a dead-time duty is 
changed. 

10 9. A piezoelectric transformer inverter according to claim 
5, wherein a first coil and a first switching element, and a 
second coil and a second switching element are disposed as 
the conductive elements and switching elements of the 

15 piezoelectric transformer driving means, and the phase drive 
circuit serves as a two-phase drive circuit which alternately 
drives the first coil and switching element, and the second 
coil and switching element. 

10. A piezoelectric transformer inverter according to 

20 claim 5, wherein a first switching element and a second 
switching element are disposed as the switching elements of 
the piezoelectric transformer driving means, and the con- 
ductive elements of the piezoelectric transformer driving 
means are auto-transformers each having a first terminal, a 

25 second terminal, and an intermediate tap, the first and 
second terminals of the auto-transformers being connected 
to the piezoelectric transformer, and the intermediate tap 
thereof being connected to the first and second switching 
elements. 

30 11. A piezoelectric transformer inverter according to 
claim 5, wherein the piezoelectric transformer driving 
means has one of a coil and an auto-transformer, and a 
switching element. 

12. A piezoelectric transformer inverter according to 

35 claim 11, wherein the conductive element of the piezoelec- 
tric transformer driving means is an insolation transformer 
having a primary winding and a secondary winding, an end 
of the primary winding of the insulation transformer being 
connected to the switching element, and an end of the 

40 secondary winding thereof being connected to the input 
electrode of the piezoelectric transformer. 

* * * * * 



